1.. INTRODUCTION {#s1}
================

Despite the decreasing global burden of pediatric diarrheal disease over the past few decades, it remains a leading cause of death in children under the age of 5 years \[[@B1],[@B2]\]. Worldwide, there are an estimated 957 million cases of diarrheal illness and 499,000 deaths in children under 5 years of age each year \[[@B2]\]. Acute diarrhea is the fourth leading cause of death and accounts for 9% of all deaths in this population \[[@B2]\], with the vast majority of deaths occurring in children under 2 years of age \[[@B3]\]. In Bangladesh, despite a 60% decrease in the child mortality rate from 2005 to 2015, over 3800 deaths in children under 5 years of age were attributed to acute diarrheal disease in 2015 \[[@B2]\]. The estimated economic burden of pediatric diarrheal illness is significant as well, particularly in low- and middle-income countries (LMIC), which are disproportionately affected \[[@B1]--[@B4]\]. Diarrheal illness is thus a significant contributor to disability-adjusted life years, mainly due to years of life lost. In 2015 more than 45 billion disability-adjusted life years were attributed to diarrheal disease in children under 5 years of age \[[@B2]\].

Although the common causes of acute diarrheal disease in children are thought to be well understood, there is emerging epidemiologic evidence of sex and gender differences, with boys being disproportionally affected compared with girls. A recent systematic review found that among studies with sex data available, boys were overrepresented compared with girls with acute diarrheal disease; data were similar for acute pulmonary infections \[[@B3]\]. The majority of the studies that found sex and gender differences were conducted in LMICs like Bangladesh \[[@B5]--[@B9]\]. A recent study from Ethiopia even found boys to have 2.52 times \[95% confidence interval (CI) 1.28--4.93\] the adjusted odds of having acute diarrhea as compared with girls \[[@B9]\]. Other studies, including a recent systematic review, however, found gender-stratified global prevalence rates for pediatric diarrhea to be similar \[[@B10]--[@B12]\].

While the cause of the increase in diarrheal disease in boys is unclear, several hypotheses have emerged that attribute the variance to gender-based factors, such as cultural and environmental factors, or sex-based biological factors. The cultural theory postulates that boys are treated differently than girls due to cultural beliefs that value boys more highly, therefore making them more likely to receive timely diagnosis and treatment \[[@B13]--[@B15]\]. Environmental theories suggest different exposures by gender, for example, older boys may be allowed more freedom to roam from home, or go to work with fathers, unequally exposing them to infectious pathogens \[[@B6],[@B7],[@B9]\]. The biological hypothesis assumes that there may exist pathophysiologic sex differences between girls and boys with regard to acute diarrhea that make boys more susceptible \[[@B6]\].

Despite numerous studies demonstrating an increased incidence of diarrheal illness in boys compared with girls in LMICs, the reason for this difference remains unclear. The current study aims to understand if boys and girls with acute diarrheal illness differ in severity on presentation, based on a planned secondary analysis of a large data set from Bangladesh. The purpose of the original study was to develop and validate the dehydration: assessing kids accurately (DHAKA) score, a clinical decision tool to assess and guide the treatment of dehydrated children aged 5 years or younger in low resource settings \[[@B16],[@B17]\]. We hypothesize that within this data set, boys are overrepresented due to gendered cultural norms in this region regarding health-seeking behavior that favor medical care for male children, and that boys, therefore, will have less severe dehydration than girls upon presentation.

2.. MATERIALS AND METHODS {#s2}
=========================

2.1.. Study Design {#s2.1}
------------------

This study was a planned secondary analysis of pooled data from the DHAKA derivation and validations studies. These studies were originally designed to derive and validate a clinical dehydration tool for use in low-resource settings. Each was a prospective cohort study; detailed study protocols have been previously published \[[@B16],[@B17]\]. Ethical approval was obtained from the International Centre for Diarrhoeal Disease Research (icddr,b), Bangladesh Ethical Review Committee, and the Rhode Island Hospital (Lifespan) Institutional Review Board. For all eligible children, research staff explained the risks and benefits of the study and obtained informed consent from the parent or guardian of the child in the local language, Bengali.

2.2.. Study Setting and Population {#s2.2}
----------------------------------

The study cohorts included children under the age of 60 months presenting to the short-stay rehydration unit at the icddr,b in Dhaka, Bangladesh between February 2014 and June 2014 (derivation study) and March 2015 and May 2015 (validation study). The short stay unit at our study hospital functions as a rehydration unit specifically for patients with acute diarrhea. There, patients are generally admitted for hours to a few days, and either discharged home, or transferred to the long-stay unit if their illness persists or they have other complications. The icddr,b is a large research hospital that provides free services to Dhaka and the surrounding areas, which includes a catchment area of 17 million \[[@B18]\]. Children were eligible for inclusion in the studies if they presented with acute diarrhea, defined by the World Health Organization (WHO) as three or more loose stools per day for \<14 days \[[@B19],[@B20]\].

2.3.. Data Collection {#s2.3}
---------------------

After screening, eligible children were randomized for inclusion in the study 24 hours a day, by choosing blue (selected) or white (not selected) marbles from a blind pouch. If enrolled, these children were assessed for multiple clinical signs of dehydration and weighed on arrival by one or more general practice nurses. In addition to demographic data, a mid-upper arm circumference (MUAC) was obtained in all enrolled children. MUAC has been shown to outperform *z*-scores as a measure of malnutrition in dehydrated children of both sexes; therefore, this was used as a proxy for nutrition status \[[@B21]\]. Enrolled children were resuscitated per standard icddr,b protocol and were reweighed every 8 hours during the course of their rehydration, until a stable weight was achieved. Stable weight was achieved when the two highest consecutive weights differed by \<2%. The dehydration status was established by percentage weight change with rehydration, calculated as follows: Percent dehydration = \[(stable weight − admission weight)/stable weight\] × 100. The dehydration status was collected as both a continuous variable (percent dehydration) and categorized according to standard guidelines (severe dehydration \>9%, some dehydration = 3--9%, and no dehydration \<3%).

2.4.. Data Analysis {#s2.4}
-------------------

For the secondary analysis, we merged data from both DHAKA studies. We performed complete-case analysis, excluding children missing data for any variables included in the final model (gender, age, MUAC, percent dehydration). The largest proportion of data, approximately 8%, was missing for dehydration status due to loss to follow up from patients discharged prior to achieving a stable weight who did not return for a follow-up weight check. In the derivation study, participants that lost \>3% of their body weight during admission were excluded from analysis. Those patients are included in this secondary analysis; however, we did perform a sensitivity analysis to demonstrate that their inclusion did not have a significant effect on the results. [Figure 1](#F1){ref-type="fig"} details the complete analytic sample. The complete data set was analyzed to evaluate for any sex-based differences with a primary outcome of percent dehydration. Other outcome variables were chosen *a priori* based on prior studies. Hypothesis testing was conducted for each outcome variable by gender. For categorical variables, chi-square tests and Wilcox Rank Sum tests were used, and a Student *t*-test was used for continuous variables.

![Flowchart detailing participant selection](JEGH_8_1-2_42-g001){#F1}

We used multivariate linear regression to compare percent dehydration for boys and girls. Given significant baseline differences in nutritional status (MUAC) and age between girls and boys, these were controlled in the final model. This adjusted regression model included children with complete data for gender, dehydration status, age, and nutrition. We used additional linear regression models to compare the secondary outcomes of total days of diarrhea prior to presentation and number of episodes of diarrhea in the preceding day for boys and girls; the term episode, in each of the DHAKA studies, refers to a discrete loose bowel movement. This model was also adjusted for age and nutrition. A logistic regression model was also analyzed according to the children's degree of dehydration, a categorical outcome variable.

In addition, data were also analyzed by age strata, given the hypothesis that gender may be associated with different environmental exposures \[[@B5],[@B6]\]. We hypothesized that these exposures may vary by age, and particularly by ambulatory status and gender, and therefore created a model that categorized children by age group into pre-ambulatory (\<12 months), toddler (13--36 months), and older children (36--60 months). A logistic regression was used to analyze these age-stratified groups by gender, again controlling for nutrition status.

3.. RESULTS {#s3}
===========

A total of 1396 children were analyzed in the pooled cohort, which included 850 from the derivation study and 546 from the validation study. Baseline characteristics by cohort are shown in [Table 1](#T1){ref-type="table"}, which includes demographic data, along with our primary and secondary outcome measures. As shown, the median age was 16 months, with an interquartile range (IQR) of 9--30. A total of 56.2% of the cohort was male and nearly a quarter (24.8%) of these children suffered from moderate to severe malnutrition. They presented with a median of 2 days of diarrhea (IQR 1--3), and 15 episodes of diarrhea in the preceding 24 hours (IQR 10--20). Most children (64.3%) presented with watery type diarrhea and the mean percent dehydration for all children was 4.0%.

###### 

Baseline characteristics of study participants by cohort (derivation, validation, and cumulative)

                                            **Derivation cohort (*n* = 850)**             **Validation cohort (*n* = 546)**             **Cumulative (*n* = 1396)**
  ----------------------------------------- --------------------------------------------- --------------------------------------------- ---------------------------------------------
  Age (months), median (IQR)                15 (9, 30)                                    16 (9, 30)                                    16 (9, 30)
  Sex, *n* (%)                                                                                                                          
    Female                                  368 (43.3)                                    243 (44.5)                                    611 (43.8)
    Male                                    482 (56.7)                                    303 (55.5)                                    785 (56.2)
  MUAC (cm), mean (SD)                      134.6 (13.1)                                  136.7 (13.1)                                  135.4 (13.1)
  Nutritional status, *n* (%)                                                                                                           
    No malnutrition                         618 (72.8)                                    431 (78.9)                                    1049 (75.2)
    Moderate                                174 (20.5)                                    86 (15.8)                                     260 (18.6)
    Severe                                  57 (6.7)                                      29 (5.3)                                      86 (6.2)
  Days of diarrhea, median (IQR)            2 (1, 4)                                      2 (1, 3)                                      2 (1, 3)
  Episodes in previous 24 h, median (IQR)   15 (10, 20)                                   10 (8, 18)                                    15 (10, 20)
  Diarrhea type, *n* (%)                                                                                                                
    Watery                                  496 (58.5)                                    400 (73.3)                                    896 (64.3)
    Rice water                              348 (41.0)                                    143 (26.2)                                    491 (35.2)
    Bloody                                  4 (0.5)                                       3 (0.5)                                       7 (0.5)
  Percent dehydration, mean (SD)            3.9 (4.3)[^a^](#TFN1){ref-type="table-fn"}    4.2 (4.4)[^b^](#TFN2){ref-type="table-fn"}    4.0 (4.4)[^c^](#TFN3){ref-type="table-fn"}
  Dehydration category, *n* (%)                                                                                                         
    None                                    355 (45.1)[^a^](#TFN1){ref-type="table-fn"}   242 (48.8)[^b^](#TFN2){ref-type="table-fn"}   597 (46.5)[^c^](#TFN3){ref-type="table-fn"}
    Some                                    347 (44.1)                                    184 (37.1)                                    531 (41.4)
    Severe                                  85 (10.8)                                     70 (14.1)                                     155 (12.1)

*n* = 787;

*n* = 496;

*n* = 1283; IQR, interquartile range; MUAC, mid-upper arm circumference; SD, standard deviation.

As seen in [Table 2](#T2){ref-type="table"}, which shows outcome measures by sex, boys were significantly overrepresented when compared with girls in all cohorts. A total of 785 boys were analyzed, representing 56.2% of study participants (95% CI 53.6--58.9), compared with 43.8% or 611 girls (95% CI 41.1--46.4). Girls presenting with diarrhea were significantly older than boys (median age 17 months vs. 15 months, *p* = 0.02). Girls were also significantly more malnourished than boys, as evidenced by their smaller MUAC (mean 134.2 mm vs. 136.4 mm, *p* \< 0.01). Boys and girls did not, however, have significant differences with regard to degree of dehydration. For those with complete data (*n* = 1282), the mean percent dehydration was 4.0% for boys compared with 3.9% for girls (*p* = 0.65); boys and girls also had a similar distribution across the categories of dehydration. Although boys and girls presented after the same number of days of diarrhea \[median 2, IQR 1--4 (boys), IQR 1--3 (girls)\], boys did have slightly more episodes of diarrhea in the preceding 24 hours than girls (median 15 vs. 13, *p* = 0.03). There were no significant differences with regard to the types of diarrhea with which boys and girls presented.

###### 

Baseline and outcome metrics by sex, cumulative cohort

  **Characteristics**                                                   **Boys (*n* = 785)**   **Girls (*n* = 611)**   ***p*-Value**
  --------------------------------------------------------------------- ---------------------- ----------------------- ---------------
  Total percent (95% CI)                                                56.2 (53.6--58.9)      43.8 (41.1--46.4)       
  Age (months), median (IQR)                                            15 (9--30)             17 (10--30)             0.02
  MUAC (cm), mean (95% CI)                                              136.4 (135.5--137.3)   134.2 (133.1--135.2)    \<0.01
  Nutrition status                                                                                                     
    No malnutrition, *n* (% of gender)                                  621 (79.1)             428 (70.2)              \<0.01
    Moderate malnutrition                                               127 (16.2)             133 (21.8)              
    Severe malnutrition                                                 37 (4.7)               49 (8)                  
  Days of diarrhea, median (IQR)                                        2 (1--4)               2 (1--3)                0.63
  Episodes in previous 24 hours, median (IQR)                           15 (10--20)            13 (9--20)              0.03
  Diarrhea type, *n* (%)                                                                                               
    Watery                                                              512 (65.3)             384 (63.0)              0.25
    Rice water                                                          270 (34.4)             221 (36.2)              
    Bloody                                                              2 (0.3)                5 (0.8)                 
  Percent dehydration, mean (95% CI)[^a^](#TFN4){ref-type="table-fn"}   4.0% (3.7--4.4)        3.9% (3.56--4.27)       0.65
  Dehydration category                                                                                                 
    None, % of gender                                                   334 (46.1)             263 (47.1)              0.43
    Moderate                                                            295 (40.8)             236 (42.2)              
    Severe                                                              95 (13.1)              60 (10.7)               

*n* = 1283; CI, confidence interval; IQR, interquartile range; MUAC, mid-upper arm circumference.

[Table 3](#T3){ref-type="table"} shows regression coefficients for our primary and secondary outcomes. Both an adjusted and an unadjusted model are shown; the adjusted model includes age and MUAC. As seen in [Table 3](#T3){ref-type="table"}, sex was not a significant predictor of percent dehydration, even when controlled for age and nutrition status (*p* = 0.25). While there was no effect on days of diarrhea prior to presentation, the regression model did find that girls had fewer episodes of diarrhea in the prior 24 hours than boys (*p* = 0.02). Additional regression results are shown in [Table 4](#T4){ref-type="table"}, which show the odds ratio for having each level of dehydration for girls compared with boys. Sex was not a significant predictor in any category of dehydration, even when controlled for age and MUAC.

###### 

Adjusted and unadjusted regression coefficient for girls compared with boys with acute diarrhea in patients \<60 months

  **Outcome variables**           **Unadjusted coefficient (95% CI)**   ***p*-Value**   **Adjusted coefficient (95% CI)**[^a^](#TFN5){ref-type="table-fn"}   ***p*-Value**
  ------------------------------- ------------------------------------- --------------- -------------------------------------------------------------------- ---------------
  Percent dehydration             −0.001 (−0.006, 0.004)                0.65            −0.003 (−0.008, 0.002)                                               0.25
  Days of diarrhea                −0.012 (−0.21, 0.18)                  0.90            −0.009 (−0.20, 0.18)                                                 0.93
  Episodes in previous 24 hours   −1.07 (−1.94, −0.20)                  0.02            −1.06 (−1.93, −0.18)                                                 0.02

*n* = 1282; CI, confidence interval.

###### 

Adjusted and unadjusted odds ratio of dehydration for girls compared with boys with acute diarrhea in patients \<60 months

  **Outcome variables**   **Unadjusted OR (95% CI)**   ***p*-Value**   **Adjusted OR (95% CI)**[^a^](#TFN6){ref-type="table-fn"}   ***p*-Value**
  ----------------------- ---------------------------- --------------- ----------------------------------------------------------- ---------------
  Dehydration category                                                                                                             
  No dehydration          1.02 (0.82, 1.26)            0.85            1.13 (0.90, 1.41)                                           0.29
  Moderate                1.05 (0.84, 1.30)            0.69            0.99 (0.79, 1.24)                                           0.93
  Severe                  0.79 (0.56, 1.11)            0.18            0.76 (0.54, 1.07)                                           0.17

*n* = 1282; CI, confidence interval; OR, odds ratio.

As noted previously, no significant difference was found among children missing data and those included in the final model of the derivation study. In the validation study, those who were lost to follow up did tend to be older, but other significant differences were not found \[[@B16]\]. Given the purpose of this study, we did include 16 children that were excluded in the original derivation study due to significant weight loss. We performed a sensitivity analysis in which we repeated our analyses with these children excluded and did not find any significant differences in our results.

4.. DISCUSSION {#s4}
==============

This study sought to further understand the overrepresentation of boys compared with girls with acute diarrhea in Bangladesh, which is not explained by census or hospital data \[[@B18],[@B22]\]. This finding is in line with an emerging trend in several studies from LMICs in Africa and Asia.

We hypothesized that girls would have greater degrees of dehydration and markers of illness severity than boys in our cohort, indicating a cultural care-seeking bias toward boys. In fact, however, we found dehydration indices to be similar by sex, thus indicating alternative etiologies. While our data did not suggest a care-seeking bias, many of the studies that have found a male predominance of disease were conducted in historically patriarchal countries that undervalue women relative to men, which suggests that gender may be an important social determinant of disease.

Understanding this trend is complex, as the role of social determinants of health and disease, such as gender, socio-economic status (SES) and related sanitation practices, are often not included in many studies. Public health data suggest that unsafe water and sanitation practices are the most important factors putting children at risk of acute diarrheal disease, which is infectious \[[@B23]\]. It is plausible that environmental exposures that differ by gender and age may account for this difference in disease incidence. This has not been well studied and may be regional, but additional data will be necessary to further understand the ways in which boys' and girls' exposures differ and how that contributes to their gender-specific morbidity and mortality.

It is possible that there is a sex-based difference in the pathophysiology of acute pediatric diarrhea that we do not yet understand. Some epidemiologic data from the USA also find that boys are disproportionally affected by diarrheal illness, and that they are more likely to be hospitalized or die \[[@B24]--[@B26]\]. This would suggest that there may be a sex-based physiologic mechanism at work given the relative rarity of unsafe water or sanitation in the USA. The mortality of acute diarrheal illness is significantly lower in the USA than in LMICs \[[@B27]\], however, and therefore sex-specific data on transmissibility, infectivity, and mechanisms of immunity are not well studied.

In order to more fully understand sex- and gender-based differences in the prevalence of acute pediatric diarrheal illness, additional investigation is needed. While controlled trials are not feasible, cohort and case control studies can work to include socioeconomic and demographic data to further understand the role of social determinants of disease, such as gender. In addition, methodologic interventions, such as analyzing data both in aggregate and in sex-specific strata, may yield additional knowledge. Qualitative research may also prove to be a pivotal component of the body of literature on this topic so that we can more fully understand any gender bias. Finally, we should include gender-specific mortality rates for all related research to aid in understanding not only the infection rates, but outcomes by gender.

4.1.. Limitations {#s4.1}
-----------------

Although this was a relatively large study, we lacked sufficient power to detect small sex-based differences in dehydration indices. Likewise, with the age stratified groups, although we do suspect that exposures vary across age groups. Given the complicated study protocol and limitations with obtaining complete data on all participants, we were missing data on 8% of children in the final model. Based on sensitivity analysis in the original studies, this did not result in significant differences between participants who remained and those who were lost to follow up. Finally, hypotheses explaining the overrepresentation of boys compared with girls include many social determinants of the disease, about which we did not collect data; these include the demographic variables of income, household composition, parental education, and race/ethnicity. Future research should include these variables and consider a qualitative component to better understand the different exposure profiles of boys compared with girls.

5.. CONCLUSION {#s5}
==============

In our study cohort, significantly more boys presented with acute diarrheal illness than girls. In seeking to further understand the overrepresentation of boys, we analyzed indices of illness severity, namely degree of dehydration. Girls did have higher rates of malnutrition than boys; however, measures of diarrhea severity were similar between the two groups. These results argue against a cultural bias in care-seeking behavior that favors boys. Additional investigation into the higher incidence of diarrheal disease found among boys in some LMICs may relate to other mechanisms, such as varied environmental exposures or physiologic sex differences.
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